Introduction {#sec1-1}
============

Asthma and chronic obstructive pulmonary disease (COPD) are estimated to affect about 300 million and 210 million people worldwide, respectively.\[[@ref1]\] Asthma has become one of the major public health burdens with increasing prevalence in the developing countries.

Drug administration using metered-dose inhaler (MDI) device is the mainstay of therapy in asthma and COPD. The device offers advantages such as convenience, portability, and quick local action. It is affordable and causes less systemic adverse effects.\[[@ref2]\] A major factor governing the efficiency of inhalation medication is the technique of inhalation. Appropriate inhalation technique is crucial for optimum delivery of drug to the airways.\[[@ref3]\] Patients with asthma and COPD admitted in emergency departments are found to demonstrate a high level of improper MDI technique suggesting a correlation between poor technique and emergency visits.\[[@ref4]\] The efficacy of the medicine decreases and the symptoms aggravate due to inappropriate technique.\[[@ref5]\]

Owing to lack of knowledge and complexity of inhalation technique, a high rate of inappropriate inhalation technique has been reported from the previous studies. The method of inhalation technique was correct in only 65.5% patients in a study carried out by Şen *et al*.\[[@ref6]\] and 36.3% in a study carried out by Chauhan *et al*.\[[@ref7]\]

The WHO recommends the following sequential steps for use of MDI, of which those marked (\*) are the essential steps:\[[@ref8]\]

Cough up as much sputum as possibleShake the aerosol before use\*Hold the aerosol as indicated in the manufacturer\'s instructions (this is usually upside down)Place the lips tightly around the mouthpiece\*Tilt the head backward slightlyBreathe out slowly, emptying the lungs of as much air as possible\*Breathe in deeply and activate the aerosol, keeping the tongue downHold the breath for ten to fifteen seconds\*Breathe out through the nose\*Rinse the mouth with water.

Successful asthma management depends10% on medication and 90% on education. Lack of patient education about inhalation technique leads to erroneous inhalation which contributes to morbidity and mortality in these patients.\[[@ref9]\] Thus, patient education is a key component of asthma management. Educational initiatives have shown to improve the accuracy of inhalation technique.\[[@ref5]\] Asthma education empowers patients to manage their disease and increase their awareness about complications. Different education methods for MDI administration technique include verbal and written instructions, physical demonstration, illustrations, audio-visual demonstration and internet based, interactive, and multimedia tutorials.\[[@ref10]\]

There are a few studies done to evaluate the deficiencies in the technique of use of MDI. Such information is essential to plan an educational protocol for the patients using MDI. Hence, this study was done to evaluate the technique used by patients using the MDI and to evaluate the impact of two different educational interventions on this technique. The study was planned in patients of asthma or COPD.

Materials and Methods {#sec1-2}
=====================

This was a prospective, continuous, interventional, comparative study conducted at the outpatient department (OPD) of tuberculosis and chest disease (TBCD) of a tertiary care hospital in Ahmedabad. Prior permission was obtained from the Institutional Ethics Committee and from the Head TBCD of the hospital. Adult patients (\>18 years) who were diagnosed to suffer from asthma or COPD and were prescribed inhalational drugs using MDI were screened and enrolled after obtaining the written informed consent. Pregnant women and children, patients having respiratory disease other than asthma and COPD, and those who were not prescribed drugs that required the use of MDI were excluded from the study. In the preinterventional phase, the investigator attended the OPD and enrolled the patients. The demographic details such as age, gender, smoking habits, educational status, monthly income, duration of disease, duration of treatment, details of drug treatment, and frequency of hospitalization were recorded. Patient\'s knowledge about the disease, frequency of demonstration of use of inhaler technique by the doctor and the method of demonstration was recorded. The patient was provided a dummy MDI with an empty canister and was asked to demonstrate the inhalation technique to the investigator. The technique was scored as per a checklist based on the ten steps of use of MDI recommended by the WHO. An MDI administration technique comprises ten steps, of which five are essential. A score of 1 was assigned to each step performed correctly whereas a wrongly performed step was allotted a score 0. During the interventional phase, the patients were randomized into two groups, i.e., Group A and Group B using computer generated random number tables. A week after, the initial baseline assessment, patients in Group A were taught the technique of use of MDI for drug administration by the investigator who demonstrated the technique to the patient. The queries of the patient if any were answered by the investigator. Similarly, for patients in a Group B, the investigator showed a pictorial leaflet with pictures about the use of MDI along with detailed instructions for its use. The pictorial leaflet was prepared by the investigator and validated in a pilot study conducted among 10 healthy controls, 5 of who were literate, and 5 illiterate. The patients were encouraged to raise any query about the use of MDI. The patients were asked to return 15 days postintervention and instructed to demonstrate the steps of using the MDI. The patients were evaluated and scored in the same manner as the preintervention phase.

Statistical analysis {#sec2-1}
--------------------

The data were entered in Microsoft Excel 2007 and analyzed using GraphPad Instat 3. Data were analyzed using Student\'s *t*-test (paired and unpaired), Chi-square test, and Fisher\'s exact test. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

This was an interventional study carried out in patients suffering from bronchial asthma (BA) or COPD, who were prescribed drugs that required the use of MDI. A total 100 patients were included in the study and divided into two groups using computerized random number tables. A total of 47 patients were included in Group A, of which 32 patients were of COPD, and 15 patients were of BA. A total of 53 patients were included in Group B, of which 33 patients were of COPD, and 20 patients were of BA. The mean age of patients in Groups A and B was 49.47 ± 1.95 years and 44.70 ± 2.19 years, respectively. No significant difference was found (*P* \> 0.05) in the mean age of the two groups. The M:F ratio was 2.6:1 in Group A and 2.1:1 in Group B. Fourteen (29.78%) and 20 (37.73%) patients in Groups A and B, respectively were smokers. The educational qualification of the patients in both groups is mentioned in [Table 1](#T1){ref-type="table"}.

###### 

Educational qualification of the patients using metered-dose inhaler (*n*=100)

![](IJPharm-49-194-g001)

Of the 100 patients, 31 (65.95%) from Group A and 29 (54.71%) patients from Group B had sedentary occupation while 16 (34.04%) and 22 (41.50%) patients had nonsedentary occupations, respectively. Duration of diagnosis of disease was 5.93 ± 0.91 years in Group A and 4.15 ± 0.69 years in Group B. Most commonly prescribed drug in Group A was ipratropium bromide + salbutamol sulfate (36.17%), followed by budesonide + formoterol (31.56%), levosalbutamol + ipratropium bromide (19.15%), tiotropium bromide (4.26%), fluticasone propionate + formoterol fumarate (4.26%), and formoterol + tiotropium bromide (2.13%). The most commonly prescribed drug in Group B was budesonide + formoterol (37.74%), followed by fluticasone propionate + formoterol fumarate (18.87%), ipratropium bromide + salbutamol sulfate (15.09%), tiotropium bromide (9.44%), formoterol + tiotropium bromide (3.78%), and salbutamol (3.78%).

The physician had demonstrated the MDI technique while prescribing the inhaler in 95.74% and 100% patients in Group A and B, respectively. The average frequency of demonstration was 1.85 ± 0.10 and 1.62 ± 0.09 times per year for Group A and B, respectively. Patients who had actually performed the technique in front of the physician were 24 (51.06%) and 21 (44.68%) in Group A and B, respectively.

The steps of MDI administration technique correctly followed by patients in Group A and Group B during the pre- and post-intervention are illustrated in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, respectively.

![Steps of metered-dose inhaler administration technique correctly followed by patients at the pre- and post-intervention in Group A (*n*= 47). Group A: Educational intervention: Demonstration of the technique of MDI administration by the investigator, paired*t*-test,*P*\< 0.0001](IJPharm-49-194-g002){#F1}

![Steps of metered-dose inhaler administration technique correctly followed by the patients at the pre- and post-intervention in Group B (*n*= 53). Group B: Educational intervention: Pictorial leaflet with instructions shown to the patients, test-Paired*t*-test,*P*\< 0.001](IJPharm-49-194-g003){#F2}

The most commonly followed steps were Step 3 of "holding the aerosol as indicated in the manufacturer\'s instruction" (100%) and Step 4 of "placing the lips tightly around the mouthpiece" (100%) in Group A. The least followed step was Step 1 (12.77%), i.e., "cough up as much sputum as possible before starting the inhalation" and Step 10 "Rinse the mouth with water." The average number of steps followed correctly at preintervention in Group A was 5.17 ± 0.30. The score improved to 9.19 ± 0.09 at postintervention (*P* \< 0.001), thereby suggesting that this educational intervention improved the technique of using the MDI.

The steps followed correctly by most patients in Group B were Step 4, i.e., placing the lips tightly around the mouthpiece (100%), followed by Step 3 i.e., "hold the aerosol as indicated in the manufacturer\'s instructions" (96.23%). The least followed steps were Step 1 and Step 10 (11.32%) "cough up as much sputum as possible" and "rinse the mouth with water." Step 9, i.e., to breathe out through the nose was better followed by the patients in demonstration Group. In Group A, the step was followed by 13 patients in the preintervention phase which improved to 47 patients in the postintervention phase. While in Group B, 12 patients followed the steps correctly which increased to 21 patients in the postintervention phase. When both the Groups were compared for accuracy of Step 9 in the postintervention phase, a significant improvement was observed in Group A as compared to Group B (*P* \< 0.001, Chi-square test).

The average steps followed at preintervention and postintervention in Group B were 5.11 ± 0.29 and 6.67 ± 0.09, respectively, p \< 0.001, (Paired *t*-test). The average number of steps correctly followed at preintervention were similar in both Groups (Group A = 5.17 ± 0.30 and Group B = 5.11 ± 0.28, *P* = 0.8843, unpaired *t*-test).

During the postintervention phase, the average number of steps correctly followed by patients of Group A were significantly higher as compared to patients of Group B (Group A = 9.19 ± 0.10 vs. Group B = 6.67 ± 0.09, *P* \< 0.001, unpaired *t*-test).

The 5 important essential steps of MDI technique followed by patients of Group A and Group B at the pre- and post-intervention are illustrated in [Figure 3](#F3){ref-type="fig"}.

![Five important essential steps for the use of metered-dose inhaler followed by patients in the pre- and post-intervention phase (*n*= 100). Group A: Educational intervention: Demonstration of the technique of MDI administration by the investigator. Group B: Educational intervention: Pictorial leaflet with instructions shown to the patients. Group A: Preintervention versus postintervention (\**P*= 0.001, Chi-square test). Group B: Preintervention versus postintervention (\**P*= 0.027, Chi-square test). Preintervention: Group A versus Group B (*P*\> 0.05, Chi-square test). Postintervention: Group A versus Group B (\#*P*= 0.003, Chi-square test)](IJPharm-49-194-g004){#F3}

Twelve patients (25.53%) in Group A followed all 5 essential steps at preintervention. Postintervention, 40 (85.11%) patients followed all these steps (*P* \< 0.001). In Group B, 14 (26.41%) patients followed all 5 essential steps at preintervention. After educational intervention, 26 (49.05%) patients followed all these steps (*P* = 0.0275). At preintervention, no significant difference was observed between the number of patients following the 5 essential steps for using the MDI in Group A and B (*P* \> 0.05), however, at the postintervention 40 patients from Group A and 26 patients from Group B, followed all the 5 essential steps for using the MDI (*P* = 0.003).

No patient from Group A followed all the ten steps at preintervention, however, 16 (34.04%) patients followed all the ten steps at postintervention (*P* \< 0.001) as compared to preintervention. In Group B, no patient followed all the ten steps at preintervention as well as at the postintervention. During postintervention, 16 patients from Group A and 0 patients from Group B followed all the ten steps. A number of patients following all the ten steps in postintervention phase were significantly higher in Group A as compared to Group B (*P* = 0.0001, Fisher\'s exact test).

When the education level of the patient was compared with the correct technique of use of MDI administration it was observed that 14 patients from illiterate Group (*n* = 26) and 38 patients from literate Group (*n* = 74) followed all the 5 essential steps after educational intervention (*P* = 0.0047, Chi-square test). The method of use of MDI has been significantly improved after educational intervention in illiterate Group. At preintervention, 1 patient followed all the 5 essential steps, and after educational intervention, 14 patients followed all the 5 essential steps (*P* \< 0.0001, Fisher\'s exact test). Eleven illiterate patients (*n* = 14) in Group A and three illiterate patients (*n* = 12) in Group B followed all the five essential steps postintervention. A significant improvement was observed in number of illiterate patients of Group A who followed the five essential steps as compared to those in Group B (*P* = 0.01, Fisher\'s exact test).

Discussion {#sec1-4}
==========

Improper and inaccurate inhalation technique complicates the management of asthma. It is a major factor that determines the efficacy of inhalation medications. Many asthma educational programs are developed for use in hospitals, health-care centers, offices, and schools to improve overall health of patients of asthma.\[[@ref11]\] Few studies have evaluated the deficiencies in the technique of use of MDI in the Indian population. In our study, we aimed to evaluate the technique of use of MDI and assess the impact of educational interventions on the inhalation technique. Different education methods for MDI administration technique include verbal and written instructions, physical demonstration, illustrations, audio-visual demonstration and Internet-based, interactive, and multimedia tutorials.\[[@ref10]\] Although there are multiple educational methods to improve the technique, demonstration by the physician is the only method used in practice, and that too is done only in the initial months at the time of starting the treatment. We used demonstration technique and a pictorial leaflet with verbal and written instructions regarding the technique for use of MDI for two groups of patients. These methods are feasible, easily understandable, and economical and hence were included in the study.

The majority of patients in our study used an improper inhalation technique at the preintervention. Similar results have been observed in the previous studies, which showed that 77.5% to 89.2% of patients use an improper technique for inhalation.\[[@ref12][@ref13]\] The majority of patients in our study (95.7%) were instructed by the physician regarding the use of inhaler, which is more than that reported by Larsen *et al*. (63%)\[[@ref12]\] and Jolly *et al*. (58.8%).\[[@ref14]\] Inspite of this, the technique actually used by the patients was faulty. This shows need of education about the inhalation technique while prescribing the MDI.

At preintervention phase, none of our patients performed MDI administration technique accurately (10/10 score) as per the WHO recommendations. A greater number of patients followed Step 3 (holding the aerosol as indicated in the manufacturer\'s instruction) and Step 4 (placing the lips tightly around the mouthpiece) in both Groups during preintervention phase. This increased marginally in the postintervention phase. The possible reason is that these patients observe pictures and pictorial leaflets showing the technique of holding the device, and hence, these two steps are performed correctly. Similar results have been observed in Foland *et al*. study, in which 92% of patients held the aerosol correctly and 88% of patients placed the mouthpiece correctly. Similarly, a study carried out by Chauhan *et al*., 98.4% of patients followed the step to place the lips tightly around the mouthpiece and 94.3% of patients held the aerosol correctly.\[[@ref7][@ref15]\] A greater number of patients followed Step 1 (cough up as much sputum as possible) in Group A (demonstration Group) during the postintervention as compared to Group B (pictorial leaflet Group). This may be because, during demonstration, the investigator had instructed the patient to demonstrate this step and helped the patient understand the importance of this step in clearing their airway to ensure better drug efficacy. Clearing the airway before inhalation increases the bioavailability of the drug The Step 2, i.e., "Shake the aerosol before use" was improved in both groups. This step is easy to remember once demonstrated or observed in a pictorial leaflet. An improvement was observed in Step 5, i.e., "tilt the head backward slightly" in demonstration group than the pictorial leaflet group. Tilting the head backward slightly is also an important step that prevents tongue obstructing the upper airways and causing opening of the airways. Thus, more drug could reach the lower alveoli. A greater number of patients followed Step 6 (breathe out slowly, emptying the lungs of as much air as possible) in demonstration group after patients were educated about this step. Step 7 (breathe in deeply and activate the aerosol, keeping the tongue down) and Step 8 (hold the breath for 10--15 s) were also improved in both groups. Patients were made aware of the importance of these steps in enhancing entry of the drug. Step 9 (breathe out through the nose) was better followed by the patients of demonstration group. This was a significant correction in step as in the preintervention patients were observed to breathe in and out of the mouth instead of the nose. Thus, demonstration of the technique helps improve this step. Step 10 (rinse the mouth with water) was followed by a greater number of patients of demonstration group since the investigator appraised them of the importance of water gargles in removing residual drug in the pharynx. Similar results were observed in studies conducted by Virchow *et al*., Basheti *et al*., Foland *et al*., and Chauhan *et al*.\[[@ref2][@ref7][@ref15][@ref16]\]

The mean score during preintervention was 5 in both groups. The score improved significantly in both groups (*P* \< 0.0001). The improvement was better in the patients in whom the technique was demonstration as compared to those who were shown the pictorial leaflet (*P* \< 0.0001). These findings are consistent with the previous studies, where physical demonstration of the technique achieved better results than written and verbal information.\[[@ref14][@ref17]\]

Only 25.53% patients from demonstration group and 26.41% patients from pictorial leaflet group followed all the five important essential steps of the technique of use of MDI at the preintervention which is lower than that reported by Şen *et al*. (65.5%).\[[@ref6]\] This might be because of the ignorance or lack of proper instructions by the physician.\[[@ref18]\] Educational intervention improved the scores in both groups and a significantly greater number of patients followed all the essential steps of use of MDI. The demonstration of technique of use of MDI had a better impact as an educational intervention than the use of instructional pictorial leaflets. While both the interventions significantly improved the accuracy of technique among both literate and illiterate patients, the illiterate patients benefited better by demonstration of the technique rather than the use of pictorial leaflet.

A single demonstration session had a better impact in achieving full score (34.04%) than that reported by Jolly *et al*. (24%) study.\[[@ref14]\] A study conducted by Bosnic-Anticevich *et al*. also showed a significant improvement in the technique of use of MDI in the demonstration group. In the above-said study, a complete score was achieved by 80% patients from demonstration group as compared to 10% patients from written and verbal instructions (*P* \< 0.05).\[[@ref17]\] Thus, while an educational intervention may improve the technique of use of MDI, the demonstration of the technique is better in improving accuracy of the technique than use of instructional pictorial leaflets.

The study findings are consistent with the previous studies, in which better improvement was observed in the patients educated by demonstration of the technique group than through written and verbal information.\[[@ref19][@ref20]\] This difference is due to the fact that, some steps of MDI inhalation technique are difficult to understand and require higher skill development and understanding, which is better achieved when patients closely observe the steps being demonstrated than reading about them. During physical demonstration, the patient is more attentive, observes all the steps, and attempts to replicate them.\[[@ref19][@ref20]\]

This study provides useful information about different errors committed by patients using the MDI and possible interventions to correct these errors. An appropriate educational intervention will hence help correct the inhalational technique and ensure better drug delivery. This study had certain limitations. A larger sample size would be helpful for a more conclusive result. A single postintervention evaluation was done in this study. Subsequent evaluations are required to determine if the impact of interventions is sustained and whether reinforcement is necessary. Nonetheless, the findings of this study reiterate the need for better patient education regarding appropriate use of the technique of the use of MDI, particularly in the illiterate and semiliterate population. It also helps plan appropriate educational interventions to improve the use of MDI.

Conclusion {#sec1-5}
==========

Appropriate use of MDI is vital for the delivery of accurate amount of asthma medications. Incorrect use of inhaler technique is observed in patients. Educational interventions especially, demonstration of the technique reduces the errors in inhalation technique for the use of MDI.
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